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Surgery for Acute Type A Dissection 
Joseph S. Coselli, Scott A. LeMaire, and Jon-Cecil Walkes 
Acute dissection of the proximal aorta (DeBakey types I 
and 11, Stanford type A) remains one of the most lethal 
of all cardiovascular disorders. The mortality associ- 
ated with ascending aortic dissection is approximately 
90% in the first 72 hours if untreated; even with 
aggressive medical therapy, the mortality remains alarm- 
ingly high, 74%.l% Recent improvements in early mor- 
tality and morbidity have resulted from more expedi- 
tious diagnosis and surgical treatment, improved 
perioperative care, and advances in surgical tech- 
niques. 
Preoperative Evaluation and Management 
Previously, aortography was considered essential in 
establishing the diagnosis and planning surgical repair 
in patients with acute proximal aortic dissection. Re- 
cent data from Rizzo et al,3 however, strongly suggest 
that less invasive techniques, such as echocardiography 
and computed tomographic (CT) scanning, allow a more 
rapid diagnosis, expedite surgery, and thereby improve 
survival rates. Although we prefer this latter approach, 
the best diagnostic strategy depends on the resources 
available at each individual institution. Imaging studies 
that can be performed and interpreted quickly by 
experienced staff are favored. 
In addition to confirming proximal aortic dissection, 
transthoracic echocardiography provides important in- 
formation regarding aortic root diameter, myocardial 
and valvular function, and the presence of a pericardial 
effusion. In light of its speed, accuracy, and conve- 
nience, several authors currently recommend trans- 
esophageal echocardiography (TEE) as the initial diag- 
nostic study.4 Unstable patients with suspected dissection 
can be taken directly to the operating room to undergo 
TEE; the findings will dictate subsequent management. 
Although transthoracic and transesophageal techniques 
each have poorly visualized “blind zones” the comple- 
mentary information obtained by combining the two 
techniques yields sensitivity and specificity of 99% and 
98%, re~pectively.~ 
Computed tomography, especially with modern heli- 
cal CT scanning, allows rapid confirmation of proximal 
aortic dissection in patients who are hemodynamically 
stable. Although magnetic resonance imaging (MRI) is 
excellent for aortic imaging, its use is often impractical 
in critically ill patients with acute dissection. 
Although routine angiography is an unnecessary 
practice that delays surgery and increases the risk of 
preoperative rupture, selective angiography continues 
to play an important role.3 When noninvasive imaging 
techniques are inconclusive in patients with suspected 
dissection, aortography remains a valuable diagnostic 
modality. Like aortography, coronary arteriography is 
not routinely performed; however, it may be useful in 
patients with angina or arterial occlusive disease, pro- 
vided they are hemodynamically stable and do not have 
pericardial effusions. 
Regardless of the imaging study used, the presence of 
a pericardial effusion in patients with proximal aortic 
dissection signifies imminent rupture and tamponade. 
These patients require emergent operation without 
further diagnostic e~a lua t ion .~  
Penetrating aortic ulcer and intramural hemorrhage 
are two variants of acute aortic dissection that may be 
discovered on imaging studies. The former results from 
disruption of an atheromatous plaque; progression of 
the ulcer through the aortic wall results in dissection or 
rupture. An intramural hemorrhage is a localized 
collection of blood within the aortic wall in the absence 
of intimal disruption; progressive accumulation of the 
hematoma results in dissection along the length of the 
aorta. The presence of either variant in the proximal 
aorta indicates impending dissection andor  rupture, 
and, therefore, the treatment is identical to that for 
classic proximal dissection: emergent surgical repair as 
described 
The initial management of patients with acute proxi- 
mal aortic dissection is aimed at minimizing the risks of 
preoperative rupture and extension of the dissection. 
This includes aggressive pain control and minimization 
of intravenous fluid administration. Beta-blockers are 
routinely used to reduce the force of left ventricular 
ejection (dP/dT). The dose is gradually increased until 
effective beta-blockade is indicated by appropriate 
reductions in heart rate (60 to 80 bpm) and mean 
arterial pressure (60 to 75 mm Hg). Once beta-blockade 
has been initiated, intravenous nitroprusside is often 
added; this agent should only be used in combination 
with beta-blockers. In patients with contraindications 
to beta-blocker use, calcium channel antagonists are an 
excellent alternative. 
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Fig I. (A) The modified cardiopulmonary bypass circuit employed during repair of acute proximal aortic 
dissection includes a Y-connection between the arterial line and the superior vena caval line. A clamp on this 
connecting line allows routine cardiopulmonary bypass with progressive cooling. (B) After initiating HCA, 
the clamps are repositioned to establish RCP via the superior vena caval cannula. 
Rationale for Current Approach 
During the period between 1979 and 1991, without the 
benefit of retrograde cerebral perfusion (RCP), Craw- 
ford treated 656 patients for proximal aortic disease 
using hypothermic circulatory arrest (HCA). * Among 
the 276 patients in the group who underwent proximal 
aortic replacement for dissection, the incidence of 
transient or permanent stroke was 7.6% (21 patients) 
and early mortality was 13.470 (37 patients). Circula- 
tory arrest times exceeding 40 minutes resulted in a high 
incidence of perioperative neurological complications; 
times beyond 65 minutes were associated with a dra- 
matic increase in mortality. 
Our current strategy for cerebral protection employs 
RCP during HCA (Fig I).’-” The first description of 
RCP was by Mills and Ochsner12; in 1980 they reported 
using RCP to treat massive air embolism during cardio- 
pulmonary bypass. Two years later, Lemole et all3 
reported the use of intermittent RCP during surgery for 
proximal aortic dissection. Continuous RCP during 
circulatory arrest was introduced by Ueda and associ- 
a t e ~ ’ ~ ~ ~ ’  in 1990. The theoretical advantages of using 
HCA with RCP versus HCA alone include: more homo- 
geneous cerebral cooling; wash-out of air bubbles, 
embolic debris, and metabolic waste products; preven- 
tion of cerebral blood cell microaggregation; and deliv- 
ery of oxygen and nutritional substrates to brain 
tissue.16 These factors may allow extension of the “safe 
period” of circulatory arrest, previously reported as 40 
minutes.’ Kitamura et all7 recently reported a 95.8% 
early survival and 91.7% 3-year survival in 24 patients 
who underwent repair of proximal aortic dissections 
with HCA and RCP in Tokyo; there were no postopera- 
tive strokes in their series. Retrospective analysis showed 
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significant improvements in both early and long-term 
survival when RCP was used, compared with opera- 
tions performed either without cerebral perfusion tech- 
niques or with antegrade cerebral perfusion. Further- 
more, their report suggests that using RCP for cerebral 
lwotection allows more complete aortic resection, there- 
lore reducing the risk of subsequent ruptnrr of residual 
aneurysm distal to the graft. 
In all patients with acute proximal dissection, we 
routinely use an open distal anastomosis, as described 
I)y Cooley and Livesay in 1981.Ie This technique pre- 
vents laceration of the friable intimal flap caused by 
aortic clamping, allows complete ascending aortic re- 
placement, and facilitates visualization of the entire 
transverse aortic arch from within. The transverse arch 
is the site of the initiating intimal tear in up to one third 
of cases and, therefore, must be carefully inspected for 
tears that require resection. lY 
Finally. we routinely perform partial or complete 
graft replacement of the transverse aortic arch. Resec- 
tion of the arch during ascending aortic repair may 
reduce the need for reoperations for dilatation of the 
aorta immediately distal to the graft, and may lower the 
incidenre of subsequent aneurysm rupture.""." In a 
series of 82 patients with acute dissection, Crawford et 
a12' were unable to satisfactorily show that patients with 
total arch replacement had an improved result over 
those with a beveled distal anastomosis (hemi-arch 
repair), particularly in the setting of complex pathology 
such as the need for concomitant coronary artery 
bypass grafting. Their data confirmed that replacement 
of the entire transverse arch increases the difficulty of 
the operation and increases early morbidity and mortal- 
ity. Based on these concepts, we use hemi-arch replace- 
ment rather than total arch replacement whenever 
possible. 
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SURGICAL TECHNIQUE: 
GRAFT REPLACEMENT OF THE ASCENDING AORTA 
\ 
i 
1-1 Proximal dissections are approached via a median sternotomy. Cardiopulmo- 
nary bypass is generally established via right atrial (bicaval) and femoral artery cannulae. 
Because the false lumen usually progresses down the left iliac artery, the right femoral 
artery i s  initially approached to achieve cannulation of the true lumen. Alternative sites 
for arterial cannulation include the a d a r y  and subclavian arteries. A left ventricular 
sump is routinely inserted via the right superior pulmonary vein. With the establishment 
of cardiopulmonary bypass, patients with aortic dissection are at risk for malperfusion. 
Malperfusion phenomena are detected by monitoring both the electroencephalogram 
(EEG) and the TEE color Doppler flow patterns throughout the thoracic aorta and 
brachiocephalic arteries. 
The patient is cooled systemically until the EEG shows electrocerebral silence, which 
generally occurs in the 18°C to 20°C range. Ice bags are placed around the head during 
the period of circulatory arrest for additional protection. After achieving electrocerebral 
silence, the patient is placed in the Trendelenburg position, circdatory arrest is initiated, 
and the ascending aorta is explored via a longitudinal anterior kcbion. During the period 
of Circulatory arrest, continuous RCP is provided via the 6apeGr vena caval cannula. 
The venous pressures are monitored proximally and maintained at 20 mm Hg or less with 
retrograde flows generally ranging between 200 and 400 Per minute. 
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1-2 The origin of the intimal tear is generally located 1 to 2 crn distal to 
the coronary artery origins, just beyond the sinotubular junction. The 
dissecting membrane is opened and the true lumen is entered. While 
evaluating the aortic root, the coronary artery ostia are examined and 
antegrade cardioplegia is administered directly. Additional myocardial 
protection can be achieved by delivering retrograde cardioplegia via a 
cannula in the coronary sinus. 
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113 A n  open distal anastomosis is always employed to avoid fractur- 
ing the distal intima with a clamp and to allow inspection of all of the 
transverse aortic arch internally. Provided the origin of the dissection 
(ie, intimal tear or disruption) does not extensively involve the greater 
curvature of the transverse aortic arch and there is not evidence of a 
preexisting transverse arch aneurysm, the distal anastomosis is carried 
out in a beveled fashion, preserving most of the greater curvature of the 
arch. The aorta is transected beginning at the greater curvature 
immediately proximal to the origin of the innominate artery and 
extending distally toward the lesser curvature to the level of the left 
subclavian artery. Consequently, most of the transverse aortic arch, 
except for the dorsal segment containing the brachiocephalic arteries, is 
removed. An appropriately sized sealed (collagen or gelatin) Dacron 
(DuPoat, Wlmington, DE) tube graft is selected and the beveled distal 
anastomosis is performed using continuous 4-0 or 5-0 monofilament 
suture. Strips of Teflon (DuPont) felt or pericardium may be placed 
internally, externally, or both to buttress the aortic tissue prior to 
suturhg the anastomosis. Frequently, the author obliterates the false 
lumen with the anastomotic suture line reinforcing 
materid. 
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1-4 Upon completion of the distal anastomosis, cardiopulmonary 
bypass is resumed slowly via the femoral artery cannula. If all flow enters 
and remains in the true lumen, the graft is clamped and cardiopulmonary 
bypass may be continued in a retrograde direction. However, if there is 
any suggestion that retrograde flow is filling the false lumen, antegrade 
perfusion should be rapidly established by cannulating the Dacron graft at 
the level of the transverse aortic arch prior to clamping and rewarming. 
The author prefers, and routinely uses, the latter technique. Upon 
reestablishing cardiopulmonary bypass, RCP is discontinued and the 
superior vena caval flow is returned to venous drainage. 
Next, attention is turned to the aortic root. The aortic valve is assessed 
for incompetence and any disruption due to proximal extension of the 
dissection. The aorta is generally transected at the sinotubular junction. 
Aortic valve competence may be restored by resuspending the commis- 
sures with pledgeted mattress sutures. 
20 COSELLI, LEMAIRE, AND WALKES 
1-5 The proximal anastomosis is carried out in the region between the 
sinotubular junction and the distal margin of the commissures. The 
author prefers to use a simple running 4-0 or 5-0 Prolene (Ethicon, Inc, 
Somerville, NJ) suture to obliterate the false lumen. Alternatively, the 
false lumen may be obliterated by sandwiching the walls between Teflon 
felt strips, creating a sewing "cuff" in preparation for the proximal 
anastomosis. Pericardial strips may be similarly employed either inside 
the aorta, outside, or both. For purposes of hemostasis, the aortic graft is 
positioned within the aorta at both the proximal and distal anastomoses. 
Surgical adhesives may be used to fuse the false lumen, strengthen the 
aortic wall for suturing, and seal anastomotic suture lines (see Com- 
ments). 
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1-6 In 70% to 80% of patients with acute proximal aortic dissection, preservation of the native 
aortic valve is feasible. In the remainder, severe calcific stenosis or other pathology prevents salvage 
of the valve. Patients with Marfan syndrome or sinus segment enlargement (annuloaortic ectasia) 
require replacement of the entire aortic root. Consequently, when the aortic valve cannot be saved, 
composite valve graft replacement of the aortic root and reattachment of the coronary artery ostia to 
the graft (modified Bentall procedure) is employed. In patients undergoing reoperation, mobiliza- 
tion of the coronary artery ostia on a button of aortic tissue is often not feasible; in this situation, the 
Cabrol technique or a modification (direct reattachment of the right coronary artery ostia combined 
with a separate Dacron interposition tube graft to the left main ostia) can be used effectively. When 
the dissection extends into the right coronary artery, a saphenous vein bypass may be required. 
Finally, oversewing of both coronary artery ostia with concomitant revascularization is an 
alternative technique employed in patients with known severe coronary artery occlusive disease and 
in the rare patient with a dissection that disrupts both coronary artery ostia. 
1-7 When it is necessary to replace the aortic root with a composite valve graft 
for annuloaortic ectasia, generally two separate grafts are employed, one proxi- 
mally and one distally. These grafts are trimmed to appropriate length and sutured 
end-to-end with a running monofilament suture. 
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GRAFT REPLACEMENT OF THE ASCENDING AORTA 
AND TRANSVERSE AORTIC ARCH 
2-1 Although most patients with proximal aortic dissection have 
a single intimal tear in the proximal ascending aorta and a normal 
transverse aortic arch, on occasion the transverse arch may be 
aneurysmal andor  may contain one or more intimal tears. The 
surgical approach to repair is similar to that described previously, 
employing median sternotomy, bicaval-femoral bypass, deep HCA, 
and RCP. The aorta is explored through an anterior longitudinal 
incision. 
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2-2 During the period of circulatory arrest, the entire transverse aortic arch is 
thoroughly explored. The entire wall between the true and false lumina, from the 
sinotubular junction to the proximal descending thoracic aorta, is removed. This 
assures complete excision of all intimal tears within the proximal aorta. 
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213 The base of the brachiocephalic arteries, provided they 
arise closely juxtaposed on the dorsum of the transverse aortic arch, 
are mobilized as a group, and a running suture line is placed around 
their orifices to secure closure of the false lumen. 
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2-4 The aorta is totally or near totally transected distal to the left 
subclavian artery. A distal anastomosis is carried out beyond the left 
subclavian artery using continuous 3-0 Prolene suture, obliterating the false 
lumen in the suture line. Alternatively, Teflon felt or pericardid strips may 
be placed internally, externally, or both. The Dacron graft is telescoped a 
short distance into the true lumen to assure hemostasis once the anastomosis 
is pressurized. Additional pledgeted sutures may be used to provide further 
reinforcement. 
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2-5 An appropriately sized opening in the graft is fashioned for 
reattachment of the island containing the origins of the brachiocephalic 
arteries. This is generally carried out with a running 4-0 Prolene suture. If 
necessary, the suture line may be reinforced with selectively placed Teflon 
pledgeted mattress sutures placed at specific sites of concern. On occasion, 
the use of a double row of running monofilament suture has been helpful in 
securing a hemostatic suture line. After completion of the anastomosis to the 
brachiocephalic vessels, cardiopulmonary bypass flow is reestablished and 
trapped air is evacuated. As in 1-4, if there is any concern regarding 
retrograde flow into the false lumen, the transverse arch portion of the graft 
is cannulated to reestablish cardiopulmonary bypass in an antegrade 
fashion; again, this is the author’s preferred approach. 
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7 
2-6 During the period of rewarming, attention is turned proxi- 
mally for treatment of the aortic root as discussed in 1 4 .  After 
resuepension of the aortic valve, the graft is anastomosed to the 
sinotubular junction using 4-0 Prolene in a running fashion, obliterat- 
ing the false lumen in the suture line. 
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AORTIC VALVE RESUSPENSION AND ANNULOPLASTY 
3-1 Patients in whom the sinus segment of the aorta was normal 
prior to the onset of dissection can virtually always undergo resuspen- 
sion of the aortic valve with excellent early and long-term results. 
Resuspension of the aortic valve is generally performed by placing 
transmural mattress sutures with Teflon or pericardial pledgets at one or 
more of the involved commissures. Following the repair, TEE is always 
used to confirm valve competence. 
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3-2 In the majority of patients with annular dilatation, composite valve graft replacement of the aortic 
root is appropriate. However, in a select group of patients with preexisting mild to moderate aortic valvular 
insufficiency and only modest aortic root dilatation (up to 3.5 to 4.0 cm in diameter), an annuloplasty may 
provide a secure and competent aortic valve. (A) This is carried out in patients with pliable aortic valve 
leaflets and a supple annulus that is unencumbered by significant calcification. (B) A simplified approach 
involves closure of the commissure at its angle with Teflon or pericardial reinforced mattress sutures. This 
can be carried out at one to three commissures, effectively reducing the annular diameter. Restoration of a 
competent aortic valve is confirmed intraoperatively by TEE. The long-term results of valve-preserving 
techniques and valve-sparing root replacement procedures in patients with significantly dilated aortic roots 
and superimposed acute aortic dissection are yet to be established; therefore, their role in this setting 
remains unclear. 
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Comments 
Adjuncts for Hemostasis 
Achieving hemostasis can be particularly challenging in 
patients undergoing repair of acute proximal aortic 
dissection. Factors that conspire to promote coagulopa- 
thy and hemorrhage include hepatic malperfusion due 
to the dissection, large transfusion requirements, in- 
creased fibrinolytic activity, and the use of hypothermic 
circulatory arrest. Aprotinin and other pharmacologi- 
cal adjuncts are often employed to combat this multifac- 
torial coagulopathy.22 Several authors have reported 
using biological surgical adhesives, such as fibrin seal- 
ant or gelatin-resorcinol-formaldehyde glue (GRF), to 
improve hemostasis .23-26 These adhesives have been 
effective in strengthening the fragle aortic tissue and 
sealing needle holes along suture lines. By fusing the 
layers of the aortic wall, adhesives may also prevent 
long-term complications related to chronic and recur- 
rent dissection. The GRF glue remains unavailable in 
the United States, but is used widely in Europe and 
elsewhere. Fibrin sealant was recently approved by the 
FDA for use in operations requiring cardiopulmonary 
bypass. The safety and efficacy of a new adhesive, 
composed of purified bovine albumin and glutaralde- 
hyde, in patients undergoing repair of acute proximal 
aortic dissection is currently being investigated via a 
multicenter, prospective, randomized trial. 
Postoperative Care 
Despite redirecting blood flow into the true lumen 
proximally, up to 75% of patients maintain patency of 
the false lumen due to distal reentry tears. Conse- 
quently, after proximal aortic repair, patients are left 
with the equivalent of an acute distal aortic dissection 
and are at risk for rupture and ischemic complications. 
These patients, therefore, require continuation of ag- 
gressive management of dP/dT and blood pressure. 
With this in mind, beta-blockade is resumed postopera- 
tively and fluid administration is minimized. 
Aneurysm rupture is the leading cause of late death 
after repair of aortic d i s ~ e c t i o n s . ~ ~ J ~  Therefore, life- 
long surveillance with imaging studies is performed to 
detect dilatation of the diseased aorta. We obtain CT or 
MRI scans at 6 weeks and 3 months after operation and 
semiannually thereafter. Elective repair is considered 
for any segment of the aorta that has enlarged to 5.5 to 
6.0 cm in diameter. 
Results 
From 1987 through 1997, the senior author has per- 
formed graft repair of acute proximal aortic dissection 
in 112 patients. The ratio of men to women was 
approximately 3:l and the median age was 64 years 
(range 21 to 82 years). Eight patients had Marfan 
syndrome. HCA was used in all cases. Sixty patients 
(53.6%) had RCP during HCA and 52 patients (46.4%) 
did not. The median clamp and circulatory arrest times 
were 78 and 29 minutes, respectively. 
Overall 30-day and in-hospital survival rates were 
84.8% and 83.9%, respectively. There were two intra- 
operative deaths (1.8%); these two patients are ex- 
cluded from calculations regarding stroke rates. Seven 
patients (6.4%) suffered a postoperative stroke. Early 
death occurred in 13 patients (25%) in the nonRCP 
group and in five patients (8.3%) in the RCP group 
(P = .017). Postoperative strokes occurred in five 
nonRCP patients (10%) and in only two RCP patients 
(3.3%); although an encouraging trend, this difference 
did not reach statistical significance (P = .242). 
Future Developments 
Although current operative techniques allow successful 
management of this catastrophic problem, further ad- 
vances in cerebral protection are needed to reduce the 
risk of neurological complications. The prophylactic 
use of recently developed neuroprotective agents in this 
setting warrants investigation. Increasing availability of 
surgical adhesives may reduce complications related to 
perioperative hemorrhage and may prevent the long- 
term complications associated with chronic dissection. 
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